Abstract: Occupational Exposure to Low
Organic solvents are useful to dissolve and disperse fats, oils, waxes, paints, varnishes, rubber and so on, and are widely used in many industrial processes. Most of them are also recognized as extremely hazardous chemicals and some of them might cause Alzheimer's disease, leukoencephalopathy, multiple sclerosis, neurobehavioural disorders and so on [1] [2] [3] [4] . Under the Industrial Safety and Health Law in Japan 5) , organic solvent workers have to undergo a specific health examination twice a year in order to detect early signs of intoxication and to maintain the workers' health. Working environment measurements are also required to keep workplaces as clean as possible.
The block building process is currently being used in shipbuilding. When workers engage in constructing many small blocks, the risk of exposure to many hazardous chemicals is not high because steel is automatically cut, pressed and welded. However, many small blocks are assembled into a complete ship on the building berth, and not only the working space itself but also free spaces such as aisles become smaller and smaller as the process proceeds 6) . Such a limitation may reduce the availability of engineering control measures. Even when workers use personal protection measures properly, the poor working environment may decrease their effectiveness. Workers in a very confined space may inhale hazardous chemicals throughout their time at work irrespective of having engineering control measures and personal protection measures.
In the present study, exposure of workers to organic solvents in a very confined working place was evaluated by biological monitoring with simultaneous measurement of the working environment.
Subjects and Methods

Organic solvent works
Among 10,000 workers working in a shipyard and machinery works of a heavy industry in Kobe, Japan, a total of 290 workers routinely engaged in organic solvent work. Organic solvents were used mainly in painting and their main components were toluene and xylene. Aside from the regular health check performed once a year, a specific health examination for organic solvent workers, including measurement of metabolites in urine, is carried out once every half year ( Table 1) . The results obtained in the specific health examination of shipbuilders and non-shipbuilders were compared.
Environmental monitoring
Fourteen workplaces, with very limited space, were subjected to the working environment measurements according to the Assessment Criteria, Working Environment Measurement Law, Japan 7) (see Appendix). Air samples were collected in bags by means of a portable pump at a flow rate of 0.5 l/min for 10 min for each point, that is, the direct sampling method.
Sampling for biological monitoring
Since the specific health examination was performed during the time at work, the concentration of metabolites in urine did not always reflect its highest concentration and seemed to be useful only for screening purpose. The metabolites excreted in urine and the concentrations of solvents in the end-exhaled air of eighteen workers (all male, a mean age of 44.5 ± 12.9 years, ranging 22-60), whose working places were subjected to the working environment measurement, were examined. In addition to engineering control protection measures, they used personal protection measures, such as chemical cartridge respirators, body-mounted gas masks, heavy rubber gloves, etc. In order to exclude confounding factors in urine, urine samples were collected before the shift. When the workers finished their task, urine samples and the end-exhaled air were collected as soon as possible. Alveolar air samples of 1,000 ml of each were collected in the bags.
Analysis of samples
Toluene and xylene in the environment air and the endexhaled air were determined in a gas chromatograph (GC-8A, Shimadzu) equipped with a flame ionization detector. One ml of sample air was injected at 1.0 kg/cm 2 pressure into the glass spiral column (3 mm internal diameter, 3 m long) of cross linked 80-100 mesh diatomaceous earth. Highly purified nitrogen (99.999% N 2 ) was used as a carrier gas. The column temperature was kept at 100°C. Hippuric acid and methylhippuric acid in urine were determined in a high performance liquid chromatograph (LC-9A, Shimadzu) equipped with a UV detector. Reversed phase chromatography was carried out at 40°C under isocratic conditions with isopropanol and 10 mM 1-sodium octansulfonate (pH 2.5) as the mobile phase at a flow rate of 1.0 ml/min in a 4.6 mm internal diameter, 150 mm long STR ODS-II column (Shimadzu) with a particle size of 5 µm. The mobile phase was filtered through 0.45 µm membranes before use. Detection of hippuric acid and methylhippuric acid was performed at 230 nm. Hippuric acid and methylhippuric acid were adjusted by urine creatinine.
Statistical analysis
χ 2 test was used to compare the differences in the number of complaints. Non-parametrical methods, i.e. Wilcoxon rank-sum test or Kruskall-Wallis test, were used to compare the concentrations of organic solvents in the end-exhaled air and their metabolites in urine. The correlation between the concentration of solvents in the end-exhaled air and their metabolites in urine was calculated with Peason's correlation coefficient.
Results
Specific health examination for organic solvent workers
Among 290 workers engaged in organic solvent work, 234 belonged to the shipbuilding division constructing passenger ships, container ships, submarines, etc. These shipbuilders were working either in an open space or in a very limited space, e.g., in the blocks assembled on the building berth, the water ballast tanks (WBTs), etc. Fiftysix workers who belonged to other divisions usually worked in an open space. No obvious past history related to organic solvent intoxication was reported in either group (Table 1) . The shipbuilders complained of symptoms and signs less frequently than non-shipbuilders. No significant difference was observed in the level of urinary hippuric acid between the shipbuilders and nonshipbuilders, while the level of methylhippuric acid was significantly higher in shipbuilders' urine than in nonshipbuilders' urine (Table 1 ). Since the shipbuilders seemed to inhale more organic solvent than the nonshipbuilders, 14 workplaces with very limited space were selected for the working environment measurements. Moreover, metabolites excreted in urine and solvents in the end-exhaled air of workers were examined just before and after they worked in such a confined space.
Working environment measurement
Out of 14 workplaces subjected to the working environment measurement, only 4 were classified as Control Class 1, i.e., most points (more than 95%) in a unit work area did not exceed the assessment criterion and four workplaces were classified into the group directed to 'endeavor to take necessary measures to improve working environment' (Table 2 ; see Appendix). The solvent concentrations were not always dependent on the size of the workplace and engineering control measures. A high correlation was observed between the mean concentration and the highest concentration (r=0.97). Since the highest concentration was noticeably high, the mean concentration also seemed to be high in the WBT, even when it is unable to be measured because of the limitation of space (Table 2) . Thus, the concentrations of organic solvents in 6 places exceeded the assessment criterion.
Concentration of solvent in the end-exhaled air
Neither toluene nor xylene was detected in the endexhaled air of the workers at #1 and #3, where the current working environment was well-controlled, namely in Control Class 1 ( Table 3 ). The end-exhaled air of the workers at places where the working environment was required to be improved, being in Control Class 2 or 3, included organic solvents irrespective of differences in protection measures, excluding two workers, i.e., J.T. and N.U. at #10. The highest concentration observed was 5.0 ppm for toluene and 10.6 ppm for xylene.
Concentration of metabolites in urine
Just before the shift, hippuric acid and methylhippuric acid were detected in the urine of all workers (Table 4) . At the end of the shift, the amount of metabolites was increased in the urine of 11 out of 18 workers. No increment in metabolites was observed in the urine of workers without any solvent in the end-exhaled air, excluding Y.K. at #3. An increase in methylhippuric acid, but not in hippuric acid, in his urine was observed at the end of the shift. Although the biological exposure index (BEI) for hippuric acid is not yet available 8) , the concentration of methylhippuric acid at the end of the shift did not exceed the BEI recommended by ACGIH, being 1.5 g/g Cr 8) . The urinary concentration of hippuric acid of S.M. at #8 was 2.64 g/g Cr, which was at least exceeded the BEI recommended by ACGIH earlier than 1991 9) . Moreover, even when the concentration of methylhippuric acid in his urine did not exceed the BEI, it was as high as 1.41 g/g Cr. It was suspected that he inhaled high concentrations of solvents by accidents or by improper usage of protective measures. A strong correlation (r=0.92) was observed between the concentrations of methylhippuric acid in urine and the concentrations of xylene in the end-exhaled air at the end of the shift, when the data of S.M. were excluded (Fig. 1) . The net increase in the concentrations of methylhippuric acid in urine displayed weaker correlation with the concentration of xylene in the end-exhaled air (r=0.65). No significant correlation was observed between the concentrations of toluene in the end-exhaled air and its metabolites in urine.
Discussion
No obvious evidence of organic solvent exposure was found by specific health examination, hence engineering control measures and personal protection measures seemed to be effective in protecting against occupational exposure to organic solvents. However, the shipbuilders occasionally had to use organic solvents in a very limited space. Thus, they were at the risk of more intensive and repeated inhalation of organic solvents than the nonshipbuilders who usually worked in an open space. For this reason, the biological monitoring of the shipbuilders who worked in confined spaces was undertaken when the working environment measurements were performed.
Only 4 out of 14 places were categorized as having a well-controlled current working environment. Although the concentrations of organic solvents were not always high compared to the workplaces for printing, ink production, surface treatment work 10) , etc., the mean concentrations of organic solvents in six places exceeded the assessment criterion. Moreover, there were several workplaces where the highest concentration was extremely high, including the WBTs. Even in such places, both solvents in the end-exhaled air and their metabolites in urine were very low, indicating the availability of protection measures. On the other hand, even in a wellcontrolled working environment, the workers inhaled organic solvents to the point where the organic solvents themselves in the end-exhaled air or their metabolites in urine were detectable.
Although metabolites were available as the indicators of exposure, some of them were influenced by foods, drinks 11) , etc. Organic solvents may be detectable even in breath and blood from persons without occupational exposure 12) . Moreover, the metabolites in urine may not always reflect the level of exposure when the environmental concentration of solvents is not high, especially in the case of toluene 13) . In order to exclude the large individual variation, metabolites in urine before the shift were also measured and compared to those at the end of the shift 14) . The net increase in methylhippuric acid during the shift was correlated with the concentration of xylene in the end-exhaled air, while the correlation was lower than that between the concentration of methylhippuric acid in urine at the end of the shift and the concentration of xylene in the end-exhaled air. Both toluene and xylene were metabolized extensively after inhalation but the half time for elimination was approx. 1-2 hr for toluene and 30 hr for xylene 15) . Even though the level of methylhippuric acid was less affected by foods, drinks, etc. than that of hippuric acid, the concentration of metabolites in the workers who routinely use organic solvents seemed to reach a constant level at the end of the shift rather than before the shift. Since such a correlation was observed even at concentrations lower than the BEIs, both the concentration of xylene in the end-exhaled air and the concentration of methylhippuric acid in urine seem to be good indicators of exposure to xylene. On the other hand, the concentration of hippuric acid in urine was not always correlated with the concentration of toluene in the endexhaled air. Hippuric acid is derived not only from toluene but also from amino acids such as phenylalanine which causes large individual variation in its excretion in urine. The concentration of toluene in the end-exhaled air is a more useful indicator of exposure to toluene than the concentration of hippuric acid in urine. Because toluene and xylene are often used as a solvent mixture recently, the detection of methylhippuric acid alone may sufficiently reflect the level of exposure. Otherwise, the detection of toluene in the end-exhaled air is required to monitor the level of exposure to it instead of detecting its metabolites in urine.
Although organic solvents were detected in urine or in the end-exhaled air, the exposure to organic solvents was probably not harmful to most workers because the exposure was lower than BEIs. The 2.5 g/g Cr BEI standard for hippuric acid in urine was no longer supported by the ACGIH, given the reduced TWA TLV value (50 ppm) and confounding contributions of dietary and endogenous sources of hippuric acid to urine. However, one worker was thought to be exposed beyond BEIs, although he was working in an area categorized as 'not exceeded the assessment criterion, but workers should endeavor to take necessary measures to improve working environment.' It is possible that the highest concentration of solvents in the area was underestimated, since the workers had to move around. Even in an area categorized as 'exceeded the assessment criterion, and workers should take necessary measures to improve working environment,' proper usage of protection measure may prevent inhalation. Repeated measurement of metabolites in urine or the concentration of solvents in the end-exhaled air is necessary in addition to the working environment measurement in order to estimate precise exposure.
The inhaled organic solvent is metabolized and excreted from the body within a few hours or few days 15) . Neurobehavioural symptoms were observed in organic solvent workers who had been working in the area with concentrations around threshold limit values (TLVs) for approx. 10 years 16) . The effects of repeated exposure to very low concentrations of solvents remain uncertain. However, in addition to the fact that exposure occurred continuously even when the solvent concentration at workplaces was not high, the shipbuilders had to work under conditions which might cause health problems, such as night shift work, usage of other toxic chemicals, etc. Moreover, the shipbuilders have to work in a very limited space where the solvent concentration is not always measurable. Emphasis should be placed on proper application of protective measures, especially personal protective measures, since working conditions vary from worker to worker in such limited spaces. Continuous inhalation was unavoidable even when proper protective measures were taken in a workplace exceeding the assessment criterion. It seems important to observe the long-term effects or complex effects of such chemicals as well as to evaluate the long-term effects of repeated exposure to low concentrations of organic solvents.
Evaluation and improvement of working environment
Control Class 1: The concentration of organic solvents at most points (more than 95%) in a unit work area does not exceed the assessment criterion, and the current working environment control should be continued to maintain the present conditions. Control Class 2: The mean concentration of organic solvents in a unit work area does not exceed the assessment criterion, but workers should endeavor to take necessary measures to improve the working environment.
Control Class 3: The mean concentration of organic solvents in a unit work area exceeds the assessment criterion, and workers should take necessary measures to improve the working environment. 
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